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INDUSTRIAL PROCESSING OF TOMATOES AND LYCOPENE EXTRACTION 
Field of the Invention 

The present invention relates to the field of food processing. More 
particularly, the invention relates to a process for the industrial 
processing of tomatoes, which affords the efficient manufacture of tomato 
products. 

Background of the Invention 

Tomato products are widely used in the food industry. A number of 
processes have been proposed and are currently used for manufacturing 
various tomato products. Such tomato products include, e.g., tomato 
concentrates, tomato juice, and tomato powder. Lately, lycopenc, the red 
pigment of the tomato, has become of substantial interest as a natural 
coloring material for food products. 

Furthermore, in view of the increasing importance of the tomato as a raw 
material for the food industry, efforts have been made to breed industrial 
tomatoes of improved quality. One such development relates to a variety 
which contains a higher content of lycopene. 

One of the difficulties of the food industry is to produce products of 
constant quality, particularly of constant color, from raw materials of 
constantly changing properties. This is a considerable problem since the 
shade of the tomato changes in different seasons, depends on weather, 
location and growth conditions, and differs from one variety of tomato to 
another. This problem has not yet been fully solved by the food industry, 
although a number of solutions have been attempted. 

Many processes are known in the art. for manufacturing various tomato 
products. In conventional processes, tomato paste is produced from 
tomato juice by vacuum concentration. U.S. Patent No. 3,171^.770 relates 
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to a process for preparing tomato concentrate by means of the crushing of 
tomatoes and the centrifugal separation of the obtained juice into pulp 
and scrum, which is subsequently further manipulated by concentration, 
freezing and other preservation methods. The extraction of juice from 
tomato pulp and its concentration to form paste are also described m 
IFST Proceedings, Vol. 14, No. 1, 1981, pages 15-27. EP 470923 describes 
a process comprising cutting rinsed tomatoes into chunks, pulping the 
chunks to form tomato juice, concentrating the juice to form a paste, 
forming the concentrate into pieces and drying the concentrate pieces. 
Journal of Food Science, Vol. 47. No. G, 1982, pages 1853-1858 discusses 
energy- saving process alternatives in the concentration of tomato 
products. 

USP 5,245,095 describes the extraction of carotenoid from carrots and the 
like. 

Zohar Nir ol aL. "Lycopenc From Tomatoes", International Food 
Ingredients, Vol. 6, 1993, pages 45-51. mentions three products resulting 
from the processing of tomatoes, which are tomato oleoresin, and soluble 
and insoluble tomato solids, but does not describe the processes bv which 
they arc produced. 

EP (i()8U27 describes a process for the preparation of a coloring material 
which contains chromoplast products containing crystalline lycopen(\ 
which process comprises selecting and breaking the tomatoes, removing 
the seeds and waste materials, and recovering insoluble material from 
the tomato s(^rum. 

WO 95/1 63G describes a process for the manufacture of tomato products, 
which comprises separating tho tomatoes into various components, 



' //uuxuj 

- 3 - 

including (jleoresin, fiber products and serum products and concentrate, 
in various proportions 

It IS an object of the invention to provide a highly flexible process for the 
exploitation of tomatoes, which permits to manufacture a variety of end 
products in various embodiments of the process. 

It IS another object of the invention to provide a process which permits to 
exploit parts of the tomato m a manner which was not customary in the 
art before the invention. 

It is a further purpose of the invention to provide a process for the 
production of lycopene-containmg oieoresm from tomatoes in the most 
efficient manner, in particular for obtaining oleoresin having an optimal 
combination of high Ivcopene content and Ivcopene stability. 

It is a still further purpose of the invention to achieve the aforementioned 
purposes by starting from practically any kind of tomatoes, both those 
having a high and those having a low iycopene content. 

It IS a still further purpose of this invention to achieve an optimum 
balance^ between the products obtained from the tomato processing. 

It IS a still further purpose of the invention to provide a technologically 
controlled process which provides flexible, but exactly controllable 
results. 

Other purposes and advantages of the invention will appear as the 
{lescriptmn proceeds. 
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Summary of the Invention 

Tho process according' to the invention, for the exploitation of tomatoes 
and the manufacture of tomato products, comprises the steps of: 

a) pretreatm^ the tomatoes by conventional operations, including 
crushing; 

b) subjecting them to a heat treatment; 

c) separating the crushed tomatoes into serum and pulp containing at 
least 500 ppm, and preferably from 500 to IGOO ppm, of lycopene and 
preferably having a moisture content not higher than 85%; 

d) subjecting the pulp to solvent extraction, m order to extract therefrom 
an oleoresin containing lycopene and separating the spent pulp; and 

e) separating the lycopene extract from the solvents, whereby to obtain 
oleoresin containing the lycopene and to recover the solvents. 

Preferably, the oleoresin should contain 2% to 10% of lycopene, at least 
0.01%, and preferably 0.9-4.5%, of phospholipids, and at least 0.01%, and 
preferably of the mixture of mono- and di-giycerides (of fatty acids). 

All the percentages are by weight. 

In a variant of tiie mvcntion the serum may l)e treated for the jjroduction 
of food products, preferably by centrifuging it further to remove pulp 
particles and concentrating the centrifuged serum, at least m part, by 
evaporation. The concentrated serum contains the solul)k^ solids of the 
tomato. An additional material is then added, chosen from among 
dehydrated tomato pulp (vr/. tomato fibers or insoluble solids) oi- 
dispersing agents or carriers, such as inaltodestrins, starches, etc. Saul 
addition (uiables drymg on an industrial scale, which would he very 
difficult without It, and provides new food products. 

The concentrated tomat(j s(^rum an<l the dehydrated extracted pulp too 
are new tomato nigredients and ai(^ j)art of 1 ho invention. 
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Step c). above, is carried out by centrifugation according to certain critical 
parameters. The centrifugation can be carried out in a horizontal 
centrifuge or so-called "decanter", which :s particularly adapted to a 
continuous process, and which, in spite of the name by which it is 
designated, effects a centnfugation and not a decantation. Basically, said 
parameters are: temperature, centrifugal force, percentage of "fines" in 
the feed and concentration of solids in the feed. Fines are solid particles 
having a dimension below 20 ^im. Preferred values of these parameters 
are as follows. The temperature should be between 75^ and 110°C. The 
centrifugal force should be between 2600 and 4000 G. "G" is a measure of 
the g-force, and can he calculated, e.g., as described by Moir. 
"Sedimentation Centrifuges", Chem. Eng., March 28, 1988. The amount 
of fines should be less than 0.2 ww%. The concentration of solids m the 
crushed tomatoes should be between 4 and 8 ww% and is controlled by 
refluxing the serum back to the feed, m order to obtain the required 
range of said solids concentration. Retention time, which is also an 
important parameter, depends on the equipment used and can be easily 
determined by skilled persons in each case. The material to be separated 
should be deaerated before separation 

When centnfugation i.s carried out \n a decanter, in order to achieve 
maximum clarification in the machine, the decanter differential speed, 
positive direction, should be between 2 and 6 rpm. Both open or closed 
decanters can he used For closed decanters, the back pressure should be 
less than O.H bar. 

The weight ratio between the pulp obtained from centnfugation and the 
centrifuge feed (not including the serum reflux) should preferably be not 
more than 0 13, It is obviouslv desirabh^ to channt^l the maximum 
amount of lycr)p(Mie to the lycopene extraction, to described, and thi^ 
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purpose IS achieved if the parameters described herein are maintained 
within the specified hmits. However, the process of the invention is 
sufficiently flexible so that, if desired for any reason, said parameters 
may be adjusted to vary the lycopene content of the pulp and of the serum 
to any required values It will also be understood that different tomatoes 
will yield pulps with different lycopene content, within the limits 
hereinbefore set forth, as will be detailed hereinafter. 

The scrum, separated m step c), which generally constitutes about 90% of 
the material to be separated, is preferably submitted to a second 
separation by centrifugation to separate fine solids, which may have 
remained after the first separation, and which may be treated in various 
ways, as liereinafter explained. The serum is preferably concentrated l)y 
evaporation, e.g. using IVVSTL] evaporator or other equipment, and can be 
dried after concentration, preferably with the addition of suitable 
earners, as hereinbefore set Ibrth. 

Tlu^ pulp that has tlie required lycopene content is either extracted with 
solvents ov fmeiy ground to produce a lycopene-rich footl product. The 
finel\- ground pulp is a new product, which is characterized m that, it 
contains most of the tomato insoluble solids, at least 800 j>pm of lycopene. 
up to 85'^. of water and has an average particle size of oO-loO microns 
The finely ground pulp may be used as a coloring material for food 
products (sauces, soups, etc.) 

Lycopene oieoresm is a suspension of lycopene m natural tomato lipids. 
While the art has floscribed the extraction of lycopene with various 
organic solvents, no information is available as u> the optimum 
concentration of the various othf^r components present in the oleon^siii 
and to the means for achieving such contents, it is assumed that lycopeni> 
IS the onlv important oleoresin component and that extraction conditions 
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thai achieve the highest, possible lycopene content are the most desiral>le. 
These inventors have discovered that, while, of course, a hiph lycopene 
content is desnable. the performance of the oleoresm in its further 
processuig and use depends essentially on three components: lycoi)one, 
phospholipids and t,dycerides that are either mono- or di-f,dycerides. The 
combined contents of these components determines the physical and 
chemical stabihty of the oleoresin and its behavior m all further 
industrial operations. An optimal oleoresin should have the followmf,^ 
contents of these components: lycopene from 2% to 10% and preferably 
from 3% to 6%; phospholipids from 0.7% to 4.5% and preferably from 1.4% 
to 2.9%; and mono- and di-t,dycerides from 2% to G% and preferably from 
2Sy% to ;14%. All the percentages are by weight. While no reliable 
scientific explanation of the above facts is presently available, they have 
been established by extensive industrial experience. 

An oi(?oresin havin^< such contents of the essential components can be 
obtained by an appropriate choice of solvents, the extraction conditions 
benig technically correct, as skilled persons will easily understand and 
detonninc. Once the proper solvent has been chosen, the extraction is 
earned out until the maximum amount of the components or at least of 
the lycopene. acluevable witli the chosen solvent, is achieved. The solvent 
or mixtun> of solvents to be used d(?pencls on two fiarameters: o\\ and Or. o 
IS a parameter rcOcctin^^ the solvent-solute various possible typf\s of 
interactions; oh reflects the ability of a solvent to interact with a solute 
via hydrogen bonding, while by refers t.o polar (dipole-dipole) interactions. 
A third parameter, which is od. reflect the hydrophobic type of 
interactions between the solvent and solute (dispersion) and has a narrow 
ran^e of values and is not critical, but should prt.derably be as hi^h as 
possible. Accordni^ to the invention, (>fi should vary between 0.0 and 4..' 
and or l)(>tween OO and 5. If ;i mixtui'o ot solvents is userl. the o 
paranieter-^ attrdnitcd tn it should hv the bnear combination of th(^ o 
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paiameters of the component solvents. While this may not be 
scientifically exact, it is a close enough criterion for industrial purposes. 
The 6 parameters of all possible interesting solvents are well known. A 
list of them can be found, for instance, m the chapter "Solubility 
Parameters", of the book Handbook of Solvent Extraction, T.C. Lo, M.H.L 
Baird and C. Hanson, T. Wiley Publisher (1983) pp. 25, 30 and 31, and 
CRC Handbook of Solubility Parameters and Other Cohesion Parameters, 
2nd Ed. (A.F.C. Barton) 1982, p.G2(). 

For the purpose of carrying out the invention, it is desirable to define a 
closer relationship between the 6 parameters of the solvents and the 
contents of aforesaid essential components in the oleoresni. The 
inventors have done so in the following manner. 

The relationship between the (Sii and 0|. parameters, on the one hand, and 
the contents of each of the aforesaid essential components of the 
oleoresm. on the other, have been determmed and are represented by the 
three-dimensional diagrams of Figs. 3 to r> . ui whicli one the coordinate 
axes represents on, another represents ov, and the third represents one of 
the oleoresm components. The diagrams have liecni obtanied fnmi an 
oleoresm which had the following contents of the said comp(ments; 
lycopene 5%, phospliohpids 1.4% and mono^ and di-glyrurides together 
2.9%. All percentages. \n this specification and claims, are by weight, 
unl(\ss otherwis{^ specified. It has been found, however, that the dingrams 
and the relationships they represent undergo only limited variations if 
the oleoresm is extracted from a pulp having different c{mtents of 
lycopene, [jrovided that the lycopene contents remain withm the preferred 
limits of the invention, viz. are between r>()() ppm and ppm. The 

variations thai do occur :uo practically smaller than the random 
variations associated with the industrial process o[ the invention, and 
anyway, are not such as to affect the industrial performanct^ and (|ualitv 
of thr oleoresm, s(i that the diauram of Figs. 3 to T) can be us^d m 
carrying out th(> invtMition wilh consistently satisfactory results. 
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According- to the invention, it has been founri that most of the food- 
acceptable solvents indicated by the prior art are not satisfactory. 
Solvents that have been found to be particularly satisfactory are hexane 
and ethyl acetate. 

The extraction is preferably carried out in several stages under conditions 
that will be descnbe{l hereinafter. The iycopene extract is separated from 
the pulp, filtered, preferably more than once, then evaporated in several 
stages under high vacuum and at elevated temperatures, as will be more 
fully described hereinafter. Preferably, the lycopene-containing oleoresin 
is stnndardized, hy blending oleoresins containing high and low Iycopene 
concentrations, to achieve a desn-ed Iycopene content m the range 4-20%. 

The extracted pulp is directed to solvent recovery and then dried. The 
dehydrated pulp is use<l as a food ingredient. 

According to an aspect {>f the invention the extracted pulp, tliat has Ijeen 
freed from most soluble components, is dried and is then mixed with the 
concentrated serum to provide a new food product. Saul product is a new 
one 111 tlie food mdustry and is part of thf^ mvcntion. It contains the 
insolul)le sohds of th(^ whole ripe tomato fruit and is low m sugars and 
lipids of the tomato, and substantially frc^e from agrochemicals. Further. 
It contains 17-2(J% of j)rot(nns, is rich m dietary fibers, and its water 
content is less than 5%, whereby it is highly water-absorbent. These 
properties impart to it useful dietary values, e.g. as a low calory bulking 
;igent, extender etc. In comparison, fibers currently used m the food 
industiy are produced from external parts of grains, fruit and vegetables 
such as peels or external layers of grain, and therefore \w contaminated 
by microorganisms, agrochemicals, etc. They usually contain lipids, that 
f)xidize and beconu' rancid, whik^ the tomato filxM-s according to the 
nivention .nf' stabl(\ 
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The process of the invention can be carried out with any variety of 
tomato, but it is particularly desirable to employ hi^h lycopene- 
containing: varieties. The higher the content of lycopene in the tomato, 
the greater the flexibility of the process and the ability to control the 
amounts of the various materials which are produced at a given time. 
Therefore, tomatoes containing at least 80 ppm of lycopene are preferred 
as raw materials of the process, although, as stated, the process operates 
with any variety of tomato. A content of 120 ppm, or even 150-350 ppm. of 
lycopene is even more favorable and preferred. 

Brief Description of the Drawing 

Fig. 1 IS a flow chart of an embodiment of the process according to the 
invention; 

Fig. 2 IS a flow chart of the operations which lead, in an embodiment of 
the process, from the pulp, separated from the serum, to the oleoresin; 
and 

Figs. 3 to 5 are diagrams illustrating the parameters by which the 
solvents for the lycopene extraction an^ chosen. 

Detailed Description of Preferred Embodiments 

Fig. 1 illustrates, in block diagram form, a preferred embodiment of the 
invention. 

The pretreatmg of the tomatoes includes, before crushing, at least 
washing and sorting. The washing is carried out in several stages, (^g.. m 
four stages, at temperatures that may gent^rally vary from 40^ to GO°C\ 
After these washings, sorting is carried out, to eliminau^ any remaining 
waste. Then, the tomatoes are crushed and the crushed material is 
screened to eliminate remaining solid wastes, such as stems, foreign 
bodies and the liktv 
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Then the crushed tomatoes are heated, preferably with hot water m heat 
exchanf^ers, to temperatures of up to 80-I10°C, preferably in two stages, 
heating in the first stage being up to 55°C. e.g. 30° to 55°C. Between thc^ 
two stages the crushed tomatoes are stored for a period of about 10 to 30 
minutes. It has been found that the said heat treatment under those 
conditions facilitates the subsequent separation of pulp from serum and 
permits to obtain the highest yield m this operation. 

The operations performed on the tomatoes in the aforesaid preliminary 
stages have an influence on the amount of fines that will be present in 
the raw material fed to the separation stage. For instance, the use of 
centrifugal pumps in conveying the crushed tomatoes from one stage of 
the heat treatment to the next, tends to increase the amount of fines. 
Overripe tomatoes tend to be broken up into small pieces, impairing the 
sei)aration of pulp from serum. However, if the amount of fines is found to 
be excessive, skilled persons will have no difficulty m carrying out 
processing adjustments so as to reduce it to acceptable limits. 

The separation of pulp from scrum by centrifugation is then effected The 
separat(?d tomato pulp is generally about 10 to 13% of the centrifuge feed 
and, as has been said, the weight ratio of pulp to feed should not be less 
than 0.08. Lower ratios tend to increase the amount of lycopene that 
remains m the serum to over 5-10 ppm 

As has been stated, the pulp is sampled and analyzed and any pulp w^hich 
does not have the desired lycopene content (minimum 800 ppm) is 
rejected and conveyed to processing by conventional methods. The f)ulp 
which meets the aforesaid requirement is finely ground or conveyed to 
oieoresm extraction process. To assure an even flow of material through 
th(^ plant. It may be desirable to cool, package, frcf^ze and store Iht^ pulp 
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or part of it, but this is merely optional and is not a part of the process 
according to the invention. 

The separated pulp is subjected to extraction by means of solvents, and 
may be ground to yield a food product, but preferably is either directed to 
oleoresin extraction, as will be better explained hereinafter, or is dried 
and ground and the resulting dry insoluble solids are mixed with a 
soluble solid food product, as will be explained The serum is subjected to 
a second separation from solids, then concentrated, and, if desired, 
dehydrated and the resulting soluble solids are mixed with the aforesaid 
msoluble solids to produce a valuable food product. 

Fig. 2 illustrates in block diagram form a preferred embodiment of the 
processing of the extracted pulp, according to the invention. The tomato 
pulp IS further crushed, if it had been frozen, and is conveyed to 
extraction by means of solvents to extract the Ivcopene or the major part 

of It, 



Figs. 3 to 5 are diagrams which illustrate the relationship between the o,, 
and 6,. parameters of the solvents and the contents of lycopene. 
phosphohpids - expressed as amount of phosphor by weight and mono- 
and di-glycerides and in the oleoresin Fig. 3 gives the content of 
lycopene. Fig, 4 gives the content of phospholipids. These latter, however, 
are expressed as amount of phosphor by weight, which can be converted 
to phospholipids by skilled persons throuh a simple calculation, with 
sufficient approximation. Fig. 5 gives the amount of the mixture of mono- 
and di-glycerides. The figures are tridimensional diagrams. Two 
coordinate axes carry the values of the two e t)aram(>t(^rs and the third 
axis thp contents of the compounds to which the figure refers. The use ot 
the diagram., is obvious: once the desired contents of lycopene. 
phospholipids and mono- and di glvcerides m the oleoresin has l>e(^n fixed. 
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the correspondinf,- 6 parameters can be read on the dia^'rams. However, in 
fzeneral, the three diagrams will not yield the same parameters and it 
will he necessary to find the best compromise, hy changing the contents of 
lycopenc, phospholipids and mono- and di-glycerides. or, as may be 
sufficient, of one or two of those three components, until the same or 
nearly the same 6 parameters are read on ail three diagrams. 

The extraction conditions are: temperature from 40 to 75^C, retention 
time from 0.3 lo 1.2 hours, solvent/pulp ratio, by weight, 1.5 to 3 
Preferably, the extraction is carried out under agitation, under the 
condition that n\l^ is m the range of 5.8-4, wherein n is the number of 
revolutions per second and d is the diameter in meters.. Further, 
preferably, the extraction is carried out in more than one stage, generally 
in three stages. The lycopene extract is separated from the pulp, 
preferably by means of a continuous decanter, and is then filtered. 
Preferably, the filtration is m two stages, a crude one and a fine one, to 
ensure the removal of even the very fine particles of pulp. The last filter 
preferably has a mesh size of 2 microns Desirably, the lyco[)ene content 
of the extract is monitored, to ensure that the extraction has been fully 
efficient, and. if needed, to adjust its time and temperature 

The filtered lycopene extract is then evaporated under high vacuum, 
preferably in three successive stages, in which the temperature is 
increased from 40° to 85° and a final stripping of the solvent is preferably 
carried out hy neutral gas. e.g. nitrogen, flushing. Evaporated and 
stripped solvent is recovered hy conventional means, that nee{l not be 
described. It is to be noted that the pulp from which the lycopene extract 
has been separated still contains a certain amount of solvent, whieh is 
also recovered by heating and azeotropic distillation, e.g. at 90- r20''(\ 
and joined with the solvent (n-aporated from (he Ivcopent^ f^xtract. 
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After separation from the solvent, the pulp can be used in conventional 
food processing, comprising dehydrating. freezing and further 
conventional treatments. 

The oleoresin obtained after evaporation of the solvent can, preferably, be 
standardized by blending low lycopene and high lycopeno containing 
oleoresins to obtain a standard lycopene content, which vanes between 4 
and 12%. 



Example 1 



10,000 Kg of tomato containing 100 ppm lycopene were processed 
according to the process of the invention. After washing, crushing and 
waste separation, 9,500 Kg of processable material remained. The 
material was deaerated, heated to and fed to a decanter (Westfalia 

CA-3G5'010, revolution speed 4.000 rpm) and separated into two streams: 
tomato pulp {900 Kg), containing 9G0 ppm of lycopene, and tomato serum 
{8,600 Kg). The serum contained 10 ppm lycopene and was further 
centrifuged in an Alpha Laval centrifuge (BRPXfil7SFV-3 1 COL-50) at 
4050 rpm, to give a 5 ppm of lycopene-containing serum. The solids 
removed in this centrifugation were rcfluxed to the aforesaid decanter. 
The pulp can be used separately or unified, as fli^sired. The serum wa.- 
concentrated by evaporation under reduced pressure and temperature, to 
give a final weight of 710 Kg soluble tomato solids concentrate at GO Bx. 
310 Kg were used as such, as an additive to vegetable drinks, and 400 Kg 
were mixed with tomato juice and further processed by spray-drying. The 
resulting dry powder (237 Kg) was used as a basis for the preparation of 
tomato soup. 
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The 900 of tomato pulp were divided into ten 90 portions. Each 90 
K^^ portion was extracted twice, each time with 250 Kg of warm (50°(;) 
ethyl acetate for one hour, and then fed to a decanter for separation of the 
solids from the mother liquor. The mother liquor, which lycopene was 
evaporated for solvent removal and yielded 1207 gr. of oleoresin 
contamin^ 6.8% of lycopene. The solvent remainint? in the pulp was 
removed by azeotropic distillation. The (drum dryer) from which 14 Kg of 
insoluhle tomato soHds were obtained. This product was later used as an 
ingredient for cereals, baked products, health food bars, food products 
rich in dietary fibers, etc. 



Example 2 

1000 kg of tomatoes, of the highest grade and suitable for industrial 
processing were used. Lycopene content 150 ppm, Bx = 5.2, Bx is the 
measure of the total soluble solids, expressed as if they were sucrose, 
measured by means of a refractometer. 

After washing, classification, crushin^^ etc.. 050 kg of tomato raw material 
remained 

The tomato material was warmed to HO'C and subjected to separation in 
a decanter {Westphalia CA-365-010). The decanter screw was spun at 
4000 rpm and the differential speed was set at values between 12 and 18 
rpm. 
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Two products arc obtained from the separation; 94 kg pulp and 8G() 
scrum. The pulp contains 1426 ppm lycopene and 81% water. The serum 
contains 8 ppm lycopene. F^x = 5. The lycopene yield is 94%. 

After concentrating the tomato serum to Bx = 60. it contains 96 ppm 
lycopene and weighs 71 kg. 

The 90 kg of pulp are extracted with 250 kg ethyl acetate, 3 times at 50"C 
at a retention time of one hour and the phases are separated by using a 
continuous decanter. The mother liquor, which contains the lycopene, is 
evaporated for solvent removal. The amount of oleoresin thus obtained is 
1.64 kg. The lycopene concentration in the oleoresin is 7.r>%. After 
removal of the solvent (ethyl acetate) still contained therein by azeotropic 
distillation, the pulp weighs 72 kg and contains 80% water and 60 ppm 
lycopene. 



After drying, 14.8 kg of insoluble solids from tomatoes are obtained, with 
a water content of 3%. 



Example 3 

The operations of Example 2 were repeated, but with overripe tomatoes 
containing 120 ppm of lycopene. The separation in the dec^anter gave thi^ 
following amounts of lycopene: 1000 ppm in pulp. 30 ppm in scrum. 

The same separation carried out for purposes of comparison with solid 
tomatoes, having the same lycopene content, gave the following amount'^ 
of lycopene: 1266 ppm in pulp; 8 ppm m serum 
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Example 4 

This example illustrates the effect of the lycopene content in the tomatoes 
on the results of the separation m a decanter, the ppm indicating the 
lycopene contents: 

tomato with 70 ppm: 800 ppm in pulp, 3 ppm in serum 
tomato with 190 ppm: 1500 ppm in pulp. 10 ppm in serum 
tomato with 150 ppm: 1200 ppm in pulp. 10 ppm in serum 

Example 5 

This example illustrates the effect of the degree of crushing of the 
tomatoes on the separation of pulp from serum in a decanter. 

Tomatoes containing 120 ppm of lycopene were crushed in a Stephan 
Crusher, and the crushed tomatoes underwent separation in a Sharpless 
centrifuge. 

When the crushing lasted 1 minute, the separation yielded the following 
results: 1200 ppm lycopene in F>ulp, 12 ppm lycopene in serum, yield of 
lycopene in pulp 94% 

When the crushing lasted 5 minutes, the separation yielded the following 
results: 1 150 lycopene m pulp, 43 ppm in serum, yield of lycopene m pulp 

72%. 

Example 6 



This example illustrates the effect of the feeding temperature 
separation of pulp from serum in a centrifuge. 
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Tomatoes with 100 ppm of lycopene were the starting material. The 
separation was effected in a laboratory centrifuge, at various 
temperatures. The results are tabulated below. 

Feeding temperature feed to pulp weight ratio 
30X 5.5 

90"C 9 

The first two separations were earned out in three phases and the last in 
two phases, The average lycopene content of the first two phases (the only 
phases in the third separation) was. respectively: ^T) ppm, 30 ppm and r> 
ppm. In all cases the serum was clear. 

Example 7 

This example illustrates the effect of the feeding temperature on 
separation of pulp from serum. 

The separation was effected in a Westphalia CSA-H decanter The result 
are tabulated below 

Feeding temperature Lycopene content 

m puip in serum 

^^"^^ HOOppm 10 ppm 

'"^^^^'^^ "00 ppm 50 ppm 

Example^ 

This example illustrates the effect of the speed of rotation of a centrifuge 
on the separation of pulp from st^rum 
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Tomatoes containing 80 ppm of lycopcne were the starting material. A 
lahoratory centrifuge was used. The result arc tabulated below. 



Centrifuge Speed Lycopene content Water m pulp 

in pulp in serum % by weight 

3000 rpm 450 ppm 15 ppm 90% 

GOOO rpm GOO ppm 1 1 ppm 8G% 



Example 9 



This example illustrates the effect of the speed of rotation of a decanter 
on the water content of the pulp after separation from serum. 

Tomatoes containing 80 ppm of lycopene were the starting material. A 
pilot decanter was used for the separation. The result are tabulated 
below. 



Decanter Speed 
35{)0 rpm 
5000 rpm 



Water in pulp (% by weight) 
85% 
81% 



Example 10 

This examph^ illustrates the effect of the relative speed of the screw on 
the separation of pulp from serum in a decanter. Tomatoes containing 80 
ppm lycopene were the starting material. The separation was eff(H:ted m 
a Westphalia (:SA-8 industrial decanter. The result are tabulated below. 
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Dficanter Screw 



Lycopene content 
in pulp in serum 



Water in pulp 
% by weight 



Relative Speed 



20 rpm 



800 ppm 10 ppm 

515 ppm 20 ppm 

200 ppm 50 ppm 



81% 



30 rpm 



84% 



40 rpm 



86% 



Example 11 



3 parts by weight of tomato serum concentrate and 1 part of ground, 
dehydrated tomato pulp were mixed and drum dried. They were then 
ground to free flowing powder, which can be used in may ways as a 
valuable food product. 

As will he apparent to the skilled person the process of the invention is 
unique insofar as it exploits the tomato in its entirety The description 
given above refers, for the sake of simplicity, to a hmited number of end 
streams. It is clear, however, that additional streams can he created, to 
obtain additional end products. Accordingly, the invention is not limited 
to such exemplified products, and is intended \n encompnss all e(iuivalent 
processes. Thus, many modifications can b(> effected by the skilled 
engineer in the various streams, methods, (K|uipment and products 
descrdxMl above, without ex{:eeding the scope of t he invonMon. 
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CLAIMS 

1. Process for the manufacture of tomato products, comprises the steps of: 
a) pretreatin^^ the tomatoes by conventional operations, mcludinp 
crushing: 

h) subjecting them to a heat treatment; 

c) separatinf^ the crushed tomatoes into serum and pulp containing at 
least 500 ppm; 

d) subjecting the pulp to solvent extraction, in order to extract therefrom 
an oleoresin containing lycopene; 

e) separating the spent pulp; and 

0 separating the lycopene extract from the solvents, whereby to obtain 
oleoresin containing the lycopene and to recover the solvents, 

'I. Process according to claim 1, where the pulp contains from 500 to KiOO 
})pm of lycopene. 

3 Process according to claim 1, wherein the separation of pulp from 
serum is carried out by decantation or centrifugation at temperatures 
betw^eon l\f and 1 10°C and centrifugal force between 2fi()() and 4000 G 

•1. Process according to claim 3, wherein crush(Hi tomatoes subjected 
to separation of pulp from serum have a content of solid particles between 

4 and 8 ww%, 

5. Process according to claim 4, wherein the crush(?cl tomatoes subjected 
to separation of pulp from serum have a content of solid partich\s, having 
a dimension below 20 |.im, of less than 0 2 ww% 

(i Process according to claim 3, wherein the weight ratio of separated 
pulp to crusher! tomato feed is not less than 0 13 
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7. Process according to claim 1, wherein the oleorosin contains 2-10% nf 
lycopene. 0.7- 4.5%, of phosphohpids and 2-6%. of mono- and di- 
glycerides. 

8. Process according to claim 1, wherein the heat treatment comprises 
heating the crushed tomatoes to temperatures of up to 80-110%^, m two 
stages, heating in the first stage being up to 55°C, and storing the 
crushed tomatoes between the two heating stages for about 10 to 30 
minutes. 

9. Process according to claim 1, wherein the extraction of the oleoresin 
from the pulp is carried out by means of a solvent or solvent mixture 
having OH between 0.0 and 4.5 and hv between 0.0 and 5.0. 

10. Process according to claim 1. wherein the extraction of the oleoresin 
from the pulp is carried out by fixing ihv desired contents of lycopene. 
phospholipids and mono- and di-glyccndes of the oleoresin. and choosing 
a solvent or solvent mixture havmg h\\ and op which correspond to said 

contents according to the relationships defined by the diagrams of Figs. W 

to 5. 

11. Process according to claim 1, wherein the extraction of the oleoresin 
from the pulj) is earned out in several stages, 

12. Process according to claim 1. wherein the extraction of the oleoresin 
from the pulp is carried out at temperatures from 10 to 75°r. wnth 
retention time from 0.3 to 1.2 hours, and solvent/pulp ratio, by weighr, 
1.5 to 3. 
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13. Process according to claim 1, wherein the extraction of the oieoresin 
from the pulp is carried out under agitation, under the condition that nM- 
IS in the range of 5.8-4. wherein n is the number of revohitions per 
second and d is the diameter in meters. 

14. Process according to claim 1, wherein the extracted oieoresin, 
separated from the pulp, is filtered 

15. Process according to claim 14 , wherem the filtration is in two stages, 
a crude one and a fine one. 

IG. Process according to claim 1, further comprising mixing the extracted 
pulp, from which the solvent has been recovered, with concentrated 
serum, and drying the mixture. 

17, A food product, consisting of a mixture of dried extracted pulp and 
concentrated serum, which is low in sugars and lipids, substantially free 
from agrochemicals, and has a water content less than 5 w^w%. 

18. Process for producing the food product of clann 17, which comprises; 

a) pretreating the tomatoes by conventional operations, including 
crushing: 

b) subjecting them to heat treatment; 

c) separating the crushed tomatoes a pulp and serum; 
(1) concentrating the serum; 

e) drying and grinding the pulp to an average particle size of 50-150 
microns; 

0 mixing the dried ground pulp with the concentrated serum; and 
g) re-drvmg the mixture 
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19. Process for the manufacture of tomato products, according to claim 1. 
substantially as described and illustrated. 

20. P'ood product according: to claim 17, substantially as described and 
illustrated. 

21. Process according to claim 18 for the production of food product, 
substantially as described and illustrated. 



115 



FCI7LL97/00203 



SERUM 

ze: 



SECOND 
SEPARATION 



CONCENTRATION 



I 



SOLUBLE SOLIDS 
CONCENTRATE 



OTHER 
OPTIONAL 
INGREDIENTS 



DEHYDRATION 



i 



SOLUBLE SOLIDS 

i 



FOOD 
PRODUCT 





TOMATO 










PRETREATING, 


INCLUDING 


CRUSHING 





CRUSHED 
TOMATOES 

I 



HEAT 
TREATMENT 



SEPARATION 



OPTIONAL 
GRINDING 



GROUND 
PULP 



EXTRACTED 
PU LP 



SOLVENT 
REMOVAL 



DRYING 



INSOLUBLE 
SOLIDS 



PULP 



EXTRACTION 



EXTRACT 



OLEORESIN 



RECOVERD 
SOLVENTS 



Fig. 1 



2/5 



FROZEN 
TOMATO 
PULP 



CRUSHING 



EXTRACTION 
STAGES 



LYCOPENE 
EXTRACT 



CRUDE 
FILTRATION 



FINE 
FILTRATION 



MONITORING 
OF LYCOPENE 
CONTENT 



EVAPORATION 
STAGES 



STRIPPING 



OLEORESIN 



SEPARATION 



RECOVERED 
SOLVENT 



EXTRACTED 
PULP 



DISTILLATION 



FURTHER 
PROCESSING 



Fig. 2 




Fig. 3 




Fig. A 




Fig. 5 



xj^x^A kXi\-Ji^r%a^ OE</\tVI„n KJLrVJKl 

il«rnal>. Appticadon No 



PCT/IL 97/GG203 



A CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A23L1/212 C09B61/G0 






Aocorriinq to in(«rn»lion«l Patent Cla««it»c«t»on (IPC) or to both nattonal olats^KsatKin and IPC 




B FIELDS SEARCHED 


Mtmmom oocu*n«ntatiofl taafcnwa (cl«»»if(calKjn tj^ai«m followad by claaxttcation lymtooiil 

IPC 6 A23L C09B 


Docum«nta«on ••■fcf>ed otft«r tnan mintmum docum«oiat(on to tha axt^nt that tuch docurr^nr* ar« tnclua«d in tha t*mi<U m 


a/cnad 


Elaotrootc data Das* contuted dunng tti« mtamalionat aaaroh (rtama of daU baa* and, whara practical, aaarch term* uaad) 


C DOCUMENTS CONSIDERED TO 86 RELEVANT 


Cala^ofy " 


Citation tA docijrT>«nt. wfth indKJatMin, whar* appropnata, ot tha ra^avent paaaagea 


Relavant to claan No 


X 


WO 95 16363 A (MAKHTESHIM CHEMICAL WORKS 
LTD. ET AL.) 22 June 1995 
see the whole document 


1.7, 
17-21 


X 


US 3 172 770 A (RALPH A. MILLER) 
1965 

cited in the application 
see column 2, line 23 - line 34 
see column 3, line 29 - line 34 
see figure 1 


9 March 


17 


X 


T. TANGLERTPAIBUL ET AL. : ''Flow 

Properties of Tomato Concentrates: Effect 

of Serum Viscosity and Pulp Content" 

JOURNAL OF FOOD SCIENCE, 

vol. 52, no. 2, March 1987, 

pages 318-321, XP002043494 

see page 318, column 2, paragraph 3 


17 






-/-- 




j ^ 1 Furttiar documantx ara batad m tha contmuation of box C 


j j Patant family mamoart ara littaa in annax 


* Spao«a> catagonaa oi c4ad documania 

*A* dooumani dafinmQ l^a ganaraJ ktata of tha an which rs not 
conitdarad to ba ol particular f<atavanoa 

'E' aar*ar dooumarXtuApublahad on or aftar tha witamahonaf 
fUryq data 

'L' dooumam wrhwh may throw doubta on pnority claim(a|or 
when la cttad to attabl«ah tha publication data ot anoth«r 
oatabon or othar apactaf raaaon (aa apaorftad) 

'O* documant ratamng to an oral di»cloauf«. uae exhttKion or 
ot^arfn•«n» 

'P* documant pubUahad pror to tha mtarnational liiinq data but 
latar ttian tha prwnty data olaim^d 


'T' tatar docunnani publiahad attar tha mtamational tiling date 
or poonty data and not m oontlic* with tha applicatior^ but 
citad to undaralAnd tha prmcipla orthaory undarlying th# 
invantion 

'X' documam of particular ralavarioa. tha claimad invanhon 
cannot t>a oonaidarad r>oval or cannot ba contidarad to 
mvotva an mvantn/a itap whan the documant la takan akinc 

'Y* doctimant ot partJoular ralavanoa, tha cla«Tiad mvanhon 

cannot ba oonatdarad to invotva an nvantiva atap whan tha 
docomani it combmad with one or mora ofhar «uch docu 
mant*. tucti oonv>inatton batng obvious to a parson sl<i!tad 
in tha art 

'A* document m«mt>«r o< tha sam« patant tamdy 


Data o( tha actuat compiation ot Ihaw^tarnational saarcn 


Date of maiimg of tha mtemational search report 


14 October 1997 


05.11.97 




Nama ana mailir>9 addraaa o< tha ISA 

Euraoaan Patent Otfica. P B 58 1 8 Palantlaan 2 
ML 2280 HV f^^%wt^ 
Tal ft31-70) 340-2O4O. Tx 31 651 aoo f\\. 
Fax 70] 340-3016 


Authori/ad ofticer 

Alvarez Alvarez, 


C 



fofm r'CT'iSAv2IO Itnconl irt««il (July 199?', 



nariii 1 n-f O 



C.( Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



in\^ . ,>a\. Apcltcallon No 

PCT/IL 97/Q02G3 



Category - | CiUlion ol document, wth indication. *h«f« appropnal*. ot th« r«t«vant paaaa9«* 



fl»*t^ant to claim No 



US 5 035 909 A (JUAN M. LOMELIN ET AL ) 30 
July 1991 

cited in the application 

see column 2, line 3G - line 48 

EP 0 6G8 027 A (MAKHTESHIM CHEMICAL WORKS 
LIMITED) 27 July 1994 
cited in the application 
see claim 7; figure 1 

M.C.DALE ET AL.: "Concentration of Tomato 

Products; Analysis of Energy Saving 

Process Alternatives" 

JOURNAL OF FOOD SCIENCE, 

vol. 47, no. 6, 1982, 

pages 1853-1858, XPOG2G43495 

cited in the application 

see figure 1, system 2 

see figure 2, system 4 

PETER GOOSE: "Developments in the 
Production of Primary Tomato Products" 
INSTITUTE OF FOOD SCIENCE AND TECHNOLOGV 
1, March 1981, 
XP002G43496 
appl ication 



vol. 14, no. 
pages 15-27, 
cited in the 
see figure 1 



ZOHAR NIR ET AL. : "Lycopene from 
Tomatoes" 

INT. FOOD INGREDIENTS, 
vol. 6, 1993, 
pages 45-51, XP00G564224 
cited in the application 



Intormation on patent t^milv memtMrs 



Patenl document 
Cited in search report 



(«m«t. ^1 App4K:«tton No 

PCI IL 97/OG203 



Pubitcalton 
da:e 



Patent (amily 
memberls) 



Publication 
data 



WO 9516363 A 
US 3172770 A 



22-06-95 
09-03-65 



AU 1513195 A 
NONE 



03-07-95 



US 


5035909 A 


30-07-91 


CA 


2042105 


A,C 


08-02-92 








CH 


1058699 


A 


19-02-92 








EP 


0470923 


A 


12-02-92 








E5 


2057832 


T 


16-10-94 








JP 


6046806 


A 


22-02-94 








JP 


7073484 


B 


09-08-95 








TR 


26311 


A 


15-03-95 


EP 


608027 A 


27-07-94 


IL 


104473 


A 


31-10-96 








JP 


7308168 


A 


28-11-95 



